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^'his  report  covers  a cooperative,  lubricants  program  conducted  in  conjunction 
with  the  developmental  testing  (DTIl)  of  a new  Family  of  Lightweight  Engineering 
Construction  Equipment,  known  collectively  by  the  acronym,  FAMECE.  This  equip- 
ment was  of  interest  because  M1L-L-2104C  engine  oil  served  as  a universal  lubricant 
for  engine,  transmission,  and  hydraulic  systems.  The  use  of  the  Grade  10  oil  as  an  Army 
hydraulic  fluid  was  of  particular  interest.  The  overall  objective  of  the  program  was  to 
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COOPERATIVE  FIELD  EVALUATION  OF  MIL-L-2104C 
LUBRICANT  IN  ENGINE  AND  HYDRAULIC  APPLICATIONS 

I.  INTRODUCTION 

Dovdopnioiital  testing  (Dl'II)  of  a new  Family  nl'  Liglitwcielit  Jjiginecrinj!  Con- 
struction _F_i|uipmcnt.  known  ci)llcctivcly  by  the  acronym,  I AMFC'F’.  was  conducted 
at  F'ort  Bcivoir.  Virginia.  This  ci|uipmcnt  was  designed  to  meet  tlie  liigli  mobility 
and  airlil't/airdrop  retiuirements  of  the  Army  Airborne  and  Airmobile  units.  In  cooper- 
ation with  the  Project  Managers  Offiee  (PMO).  I- AMFCF/UFT.  the  Energy  and  Water 
Resources  Laboratory  participated  in  a cooperative  iirogram  involving  field  testing 
of  a reference  lubricant  in  selected  vehicles.  This  reference  lubricant  is  pre.sently 
in  the  Army  supply  system  and  is  typical  of  the  (|uality  of  lubricant  that  will  be  used 
in  EAMECE  after  fielding.  The  Faiergy  and  Water  Resources  Laboratory  provided  this 
MIL-L-2104C  reference  oil  for  use  in  the  engines,  transmissions,  and  hydraulic  systems 
of  selected  vehicles  and,  in  addition,  coiulucted  an  engine  inspection  and  lubricant 
analysis  related  to  lubricant  performance.  The  overall  objective  of  this  participation 
in  EAMECE  DTII  was  to  obtain  base-line  data  on  the  use  of  MIL-L-2104C  engine  oil 
as  a hydraulic  tluid  with  the  intention  of  possible  modification  of  a future  MlL-L-2104 
specification  to  include  hydraulic  performance  requirements  not  currently  included. 

1 . FAMECE  DTII  Evaluation.  The  original  intent  of  this  evaluation  was  to  sub- 
ject thirteen  vehicles  to  1000  hours  of  field  evaluation  under  service  typical  of  tfieir 
intended  use.  Operation  of  this  prototype  construction  equipment  and  field  mainte- 
nance tasks  were  performed  by  military  personnel  stationed  at  Fort  Belvoir  with  the 
overall  test  being  monitored  by  the  Mechanical  and  Construction  Equipment  Labora- 
tory. Equipment  evaluated  included  two  graders,  two  water  distributors,  two  dumpers, 
a dozer,  a loader,  a scraper,  a tamping-foot  compactor,  and  a smooth-wheel  compactor. 
Testing  was  conducted  after  vehicle  arrival  from  the  contractor,  Clark  Equipment 
Company.  The  first  unit,  dumper  1,  arrived  in  July  1977,  and  the  other  vehicles 
arrived  at  later  dates.  In  April  1978,  before  the  arrival  of  the  last  two  vehicles  of 
the  test  set,  a decision  was  made  to  terminate  testing  at  Fort  Belvoir  and  to  complete 
the  DTII  evaluation  at  other  installations.  This  revision  of  the  test  plan  affected  the 
data  base  ot  this  report  in  that  only  five  units  had  accumulated  a significant  number 
of  operational  hours  during  this  limited  time  frame. 

2.  Lubrication  Requirements.  The  lubrication  orders  for  FAMECE  require 
the  use  ol  a Grade  30  MIL-L-2 104C  engine  oil  (OE/HDO-30)  for  crankcase  lubrication 
and  a Grade  10  M1L-L-2104C  engine  oil  (OE/IIDO-10)  for  transmission  and  hydraulic 
system  lubrication.  The  effectiveness  of  ()E/1IDO-30  as  an  engine  oil  and  OE/HDO-10 
as  a transmission  tluid  is  fairly  well  established.  Of  particular  interest  to  this  labora- 
tory is  the  use  of  OE/HDO-10  as  a hydraulic  tluid  since  this  represents  a significant 
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ilcpartiirc  I'rom  tl\o  sUiiutard  lulnicution  rcciiiireinciUs  lor  comhat-support  cciuipnicnl. 
Normally,  liyilrarilic  lliiids.  such  as  MlL-ll-6083  (OllI)  ain.1  MIL-H-46170  (1  RH). 
whicl)  were  specitically  desiimed  to  satisfy  military  hydraulic  requirements  are  required 
for  use  in  cojnbat-support  equipment.  No  signiticant  studies  on  the  use  ol  an  engine 
oil  as  a hydraulic  lluid  in  Army  equipment  have  been  reported. 

Hydraulic  Iluids  differ  from  engine  oil  in  several  important  physical  and 
chemical  aspects.  Certain  parameters  involved  in  the  use  ot  an  engine  oil  in  hydraulic 
applications  need  to  be  considered.  Use  of  military  hydraulic  Iluids  provides  low- 
temperature  operability,  minimal  wear  ol  critical  hydraulic  lluid  components,  and  a 
high  level  of  rust  protection  for  valves  and  exposed  ram  shafts.  1 he  .M1L-L-2104( 
(OU  111)0)  specification  does  not  address  the  above  hydraulic-fluid  requirements 
but  is  primarily  concerned  with  the  perlormance  ot  a candidate  oil  in  an  operating 
diesel  engine.  Approximately  200  oil  companies  are  qualified  to  produce  MIL-L- 
2104C  lubricants,  and  wide  variations  in  the  type  of  additive  package  used  in  the  oil 
formulation  are  found.  These  variations  do  not  significantly  allect  engine  perlor- 
mance; however,  wide  variations  in  secondary,  non-engine  lubrication  properties 
that  are  directly  related  to  the  use  of  this  oil  in  hydraulic  applications  are  known. 
For  example,  in  the  area  of  rust  protection,  a study  of  a randomly  selected  sample  of 
()F;/111)0  indicated  variations  in  rust  protection  levels  from  3b  hours  to  more  than  3b0 
hours.  It  is  suspected  that  certain  variations  in  hydraulic-system  perlormance  will  be 
dependent  on  the  types  of  Ol'/HDO-lO  formulations  in  the  supply  system.  On  the 
other  hand,  the  use  of  0F:/11D0  as  a universal  lubricant  for  military  construction 
equipment  is  of  particular  value  to  this  equipment  since  operation  with  minimal  sup- 
port is  needed.  In  addition,  there  is  the  recognized  fire  hazard  associated  with  off- 
highway  equipment;  and  the  use  of  OH/HDO-IO  as  compared  to  MIL-H-6083  signifi- 
cantly reduces  this  threat.  A letter  to  PMO,  FAMFX'E,  relative  to  this  fire  threat  is 
included  as  part  of  Appendix  A.  At  present,  the  extent  of  the  tradeoffs  made  in  the 
implementation  of  this  lubrication  concept  needs  further  validation. 

3.  Objectives  of  Lubricant  Evaluation.  This  laboratory  has  custodial  responsi- 
bility for  the  .V1IL-L-2I04('  specification  and  lubricant  RDTE  programs  within  the 
Department  of  the  Army.  Pre.sently,  the  use  of  OE/llDO-10  in  satisfying  hydraulic- 
application  requirements  is  under  study.  C'on.sideration  is  presently  being  given  to  the 
optimization  of  hydraulic-lluid  perlormance  recjuirements  ol  OF,/llI)O-10  in  a luture 
modification  of  the  M1L-L-2K)4  specification;  however,  such  requirements  must  first 
be  defined.  This  participation  in  FAMFX'l;  DTIl  was  to  provide  information  that 
would  serve  in  part  as  base-line  data  in  determining  the  requirements  needed  in  a future 
MlL-L-2104  specification. 


11.  DKlAlLSOI  TliSl 


4.  Equipment.  I'AMIX'E  represents  ;i  class  of  wlieeletl.  construction  and  earth- 
moving  equipment.  Units  are  modular  in  design  with  a work  imit  consisting  ol'  a 
power-module  section  coupled  to  a wrrrk  section.  Each  section  weiglis  less  tluni 
15,000  pounds,  riie  various  types  ol'  work  sections  u.sed  in  this  test  are  shown  in 
Table  I.  In  testing,  a separate  power  module  was  used  lor  each  work  section.  Since 
all  power  modules  are  identical  in  construction,  these  units  are  listed  by  serial  number. 
Total  hours  accunudated  Tor  each  work  unit  at  arrival  and  at  test  completion  are  also 
included  in  this  table.  The  power  train  Tor  these  units  consists  of  a Cummins  VT555 
Turbo  ('barged  218  HP  Uiesel  Engine  with  a ( lark  Model  LT-7853  transmission. 
The  hydraulic  controls  and  a 70-gallon  hydraulic  reservoir  are  also  located  on  the 
power  module.  The  work  section  consists  oT  tlie  working  component  (e.g.,  blade, 
roller)  and  a secondary  hydraulic  system. 


Table  1.  FAMHCH  Test  Equipment 


Power  Modules 
(Serial  No.) 

Work-Unit 

Section 

Mr  (“  Start 

of  Test 

Mrf"  End 

of  Test 

Lubricant 

Type 

44b  X 1 04 

Grader  1 

273 

1061 

Comm  oil 

105 

Loader 

153 

1 103 

Comm  oil 

106 

Distributor  I 

91 

901 

Comm  oil 

107<" 

Dozer 

IH 

824 

Refoil 

108<" 

Dumper  1 

20 

1 266 

Ref  oil 

1 10 

Tamping-Foot  Compactor 

1 10 

406 

Refoil 

112 

Smooth-Wheel  Compactor 

63 

355 

Ref  oil 

1 13 

Dumper  II 

26 

400 

Comm  oil 

1 14 

Scraper 

20 

251 

Comm  oil 

1 15 

Distributor  II 

10 

247 

Comm  oil 

1 16 

(irader  II 

- 

540 

Comm  oil 

* * * These  units  used  a silieone  brake  lluid. 

Commercial  oil  used  lor  hydraulic  lluid,  crankcase,  and  transmission  lubrication. 
Reference  oil  used  for  hydraulic  lluid,  crankcase,  and  transmission  lubrication. 


5.  Lubrication  Requirements.  Lubrication  orders  require  the  use  of  MIL-L- 
2104C  oils  for  engine,  transmi.s.sion,  and  hydraulic  applications.  SAE  10  Viscosity 
(irade  oil  is  required  for  crankcase  lubrication  when  expected  temperatures  are  above 
+40°E  and  10  grade  oil  when  temperatures  are  less  than  +40°F.  SAE  30  Viscosity 
(irade  oil  is  required  for  use  in  transmissions  and  hydraulic  systems  if  temperatures 
are  above  -10°F.  For  arctic  conditions  or  when  the  ambient  temperature  is  less  than 
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0“J',  MIL-L-46l67(()l;A)  is  roiiiiirccl  lor  use  us  ;i  power-lruin  kihrieation  and  as  a 
liydraulie  lluid.  Luhiieation  orders  originally  reciuired  drain  and  rel'ill  of  tlie  crankcase 
aiul  traiisniission  oils  at  40Q-lu)ur  intervals  and  the  hydraulic  Huid  at  1000  hours; 
however,  these  orders  were  later  modified  to  250  hours  I'or  the  crankcase  oil.  500 
hours  for  the  transmission  oil,  and  1000  hours  for  the  hydraulic  Huid. 

6.  Reference  Oil  Program.  On  14  February  1477,  personnel  from  the  1 nergy 
and  Water  Resources  Laboratory  participated  in  a meeting  with  the  FAMFCli/LIFil 
staff  relative  to  the  use  of  reference-grade  lubricants,  referee  grade  fuels,  and  silicone 
brake  tluid  in  certain  vehicles  that  were  scheduled  for  Di  li  evaluation.  At  this  meet- 
ing. it  was  indicated  that  a referee-grade  fuel  could  not  be  utilized  in  DTll  because 
of  logistic  considerations  but  that  possible  program  coordination  could  be  achieved 
relative  to  the  u.se  of  the  reference-grade  hdiricant  and  silicone  brake  fluid.  I'ollow'ing 
this  meeting,  a letter  dated  23  February  1477  (Appendi.x  A)  was  forwarded  to  I’MO. 
FAMFC'F/UFT,  outlining  a proposed  lubricant  test  plan  that  involved  the  use  of  a 
reterence-grade  MIL-L-2 1 ()4('  oil  for  use  in  crankcase,  transmission,  and  hydraulic 
systems  and  silicone  brake  tluid  in  the  brake  systems  of  five  vehicles.  Concurrence 
with  the  test  program  was  obtained  from  PMO.  FAMFCH/UFT.  in  a DF  dated  18 
March  1477  (Appendix  A)  except  that  six  rather  than  five  vehicles  (dumper,  scraper, 
grader,  distributor,  dozer,  and  compactor)  would  utilize  reference-grade  oils  and 
silicone  brake  tluid. 

The  finalized,  reference-oil  program  for  FAMFCli  DTll  is  included  as  part 
of  Appendix  A.  fhis  program  required  the  forwarding  of  six  55-gallon  drums  of  (Irade 
10  and  six  55-gallon  drums  of  Grade  30  M1L-L-2104C  reference  engine  oils  and  I 
gallon  of  a camlidate  Mll.-B-4bl  7(i  silicone  brake  lluid  to  the  FAMFX'li  facility  at 
Clark  Fquipment  Company,  Benton  Harbor.  Michigan,  and  the  factory  use  of  this  tluid 
for  factory  fill  of  six  vehicles.  The  vehicles  were  later  identified  as  those  vehicles 
having  power  sections  with  serial  numbers  44(iXI07  to  44(iXl  12.  Following  this,  the 
major  part  of  the  reference-oil  program  was  to  involve  the  monitoring  of  this  set  of 
vehicles  during  testing  by  periodic  oil  sampling/analysis  to  determine  overall  MIL-L- 
2104C/FAMFCF  system  compatibility  as  retlected  by  wear-metal  analysis  and  poten- 
tial degradation  of  lubricants  as  indicated  by  selected  tests  designed  to  measure  lub- 
ricant (luality.  Other  vehicles  not  included  in  the  test  plan  were  to  have  used  a commer- 
cial oil  of  M1L-L-2104('  quality  for  factory  till  and  OF./llDO  from  the  supply  system 
for  refill  rei|uirements. 

Several  factors  had  considerable  impact  on  the  data  base  provided  by  this 
cooperative  inogram . 
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a.  Early  Terwiination  of  DTIl.  Only  five  vehick-s  had  accumulated  sulTi- 
cient  operational  hours  to  be  of  value  in  satisfying  the  test  objectives. 

b.  Invalid  Commercial  Oil.  Analysis  of  the  physical  properties  and  ele- 
mental composition  of  the  factory-fill  oil  indicates  that  it  is  not  a M1L-L-2104C  oil 
and  cannot  serve  as  a basis  for  comparison  with  the  reference  oil. 

c.  Factory  Errors  in  Fill  of  Reference  Vehicles.  The  factory-fill,  commer- 
cial oil  was  used  in  place  of  the  reference  oil  in  the  hydraulic  system  of  the  dumper  and 
dozer. 


d.  Test  Plan  Modification  on  Silicone  Brake  Fluid.  Silicone  brake  fluid 
use  was  limited  to  the  dumper  and  dozer. 

The  combination  of  these  factors  prevents  drawing  any  conclusion  con- 
cerning the  effectiveness  of  OE/HDO-10  lubricants  in  the  FAMECE  hydraulic 
system. 

Because  of  changes  in  the  original  lubrication  order,  the  sampling  schedule 
outlined  in  the  reference-oil  program  was  modified.  Samples  of  engine,  transmission, 
and  hydraulic  tluids  were  obtained  on  vehicle  arrival  at  the  test  site  and  at  vehicle- 
accumulated-hour  readings  of  250,  500,  750,  and  1000  hours.  Two  types  of  oil  sam- 
ples were  obtained.  Thirty-two-ounce  drain  samples  were  collected  at  scheduled 
drain  and  refills,  and  12-ounce  intermediate  samples  were  collected  by  the  standard 
vehicle  sample  procedure  using  a syringe  and  plastic  tubing.  Several  laboratories 
including  the  Materials  Technology  Laboratory,  the  Energy  and  Water  Resources 
Laboratory,  and  the  Army  Fuels  and  Lubricants  Research  Laboratory  located  at 
Southwest  Research  Institute  were  involved  in  the  analysis  of  these  oil  samples. 

7.  Fuel-Monitoring  Activity.  In  addition  to  involvement  in  flie  reference-oil 
program,  this  laboratory  became  actively  involved  in  fuel-related  problems  that  devel- 
oped in  FAMECE  DTIl.  The  primary  activity  in  this  area  was  a fuel  cloud  point 
monitoring  program  during  the  winter  months.  The  activity  was  initiated  by  reported 
cold-start-up  problems  possibly  related  to  fuel  quality.  Other  problems  such  as  fuel- 
filter  clogging  were  also  investigated. 

III.  RESULTS  OF  TEST 

Lubricant  performance  was  evaluated  primarily  by  physical  and  chemical  testing 
of  used  oil  samples  from  FAMIT'E  eciuipmcnt  ami  by  physical  ins.  cction  of  engine 
and  transmission  components  from  one  of  these  vehicles.  Ihis  latter  inspection. 
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coluiuctcd  on  a vehicle  during  teardown,  showed  eertain  typical  vear  patterns  which 
significantly  facilitated  the  interpretation  of  data  on  wear-metal  concentrations. 

8.  Engine/Transmissioii  Inspection.  A Di  ll  test  program  reriuirement  included 
physical  teardown  and  replacement  of  the  engine  and  transmission  components  on  one 
of  the  vehicles.  Teardown  was  performed  on  the  10-ton  dumper  unit  (power  module 
#44(iX108  and  dumper  1 work  section)  that  had  accumulated  1250  hours  of  long- and 
short-haul  service  under  fully  loaded  conditions.  Inspection  data  on  the  component 
parts  of  the  Cummins  Model  VT555  - C240  engine  and  Clark  Model  LT-7853  trans- 
mission are  included  in  Appendix  B.  Inspection  of  the  pistons,  rings,  crankshaft,  cam- 
shaft, and  valve  train  indicated  normal  wear  patterns.  The  primary  problem  area  was 
.severe  wearing  of  the  No.  4 (rear)  bearing.  It  was  observed  that  a large  quantity  of 
copper  was  dislodged  from  the  bearing  surface.  A peripheral  problem  involved  scoring 
of  thrust  washers  by  dislodged  copper  debris.  Transmission  parts  did  not  sluiw  any 
abnormal  wear  patterns.  Mr.  A.  Barnabae,  Field  Technician  for  Cummir.'  Diesel 
Engines,  Ine..  was  present  at  teardown.  He  indicated  that  No.  4 (rear)  bearing  failures 
normally  indicate  lubricant  starvation  due  to  cold  start-ups  or  insufficient  engine  idling 
before  shutdown. 

9.  New  Oil  Analysis.  The  physical  properties  and  elemental  compositions  that 
characterize  the  commercial  and  reference  oils  used  in  this  test  are  listed  in  Fables  2 
and  3.  Significant  differences  in  chemical  properties  such  as  total  acid  number  (TAN ), 
total  base  number  (TBN).  and  elemental  composition  are  evident.  It  shoidd  be  noted 
that  the  SAF  10  Viscosity  (Irade  commercial  oil  (Table  2)  has  a pour  point  of-l  1°F. 
This  indicates  that  the  commercial  oil  is  not  of  M1L-L-2104C  quality  because  Specifi- 
cation MIL-L-2104('  requires  a pour  point  of -25°F.  The  relatively  high  pour  point 
of  this  commercial  product  could  result  in  low-temperature  lubricity  problems. 

10.  Wear-Metal  Analysis.  The  concentrations  of  wear  metals,  silicone,  and  addi- 
tive tnetals  that  were  found  in  used  yil  samples  from  the  grader,  loader,  water  distribu- 
tor, dozer,  and  dumper  are  presented  in  Tables  4 through  8.  From  this  set  of  vehicles, 
the  dozer  and  dumper  were  to  be  factory  filled  with  the  reference  lubricant,  and  the 
other  vehicles  were  to  be  factory  filled  with  a commercial  lubricant. 

A\dditive  metal  concentrations  were  included  in  these  tables  so  as  to  allow 
calculation  of  dilutional  effects  and  to  verify  the  t\  pe  ot  oil  used  tor  factory  fill  and 
fieki  refill  l^xamination  of  Table  3 reveals  that  the  primary  dilTerence  between  the 
SAli  30  Viscosity  (irade  commercial  and  reference  oils  is  that  the  reference  oil  contaitis 
4400  parts  per  million  (p'm.)  calcium  whereas  the  commercial  oil  contains  approxi- 
mately 2500  p/m  calcium.  Inspection  ol  the  calc'ium  concentration  in  initial,  engine- 
oil  samples  taken  from  these  vehicles  ( fables  4 through  8)  indicates  that  the  factorv- 
fill  procedure  was  correct.  l Aamination  of  fable  2 indicates  that  the  SAf  10  V'iscositv 
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I'able  2.  I'lH-tory  Fill  lOCIraclc  Liihricaiits 


I’roporlies 

Oil 

Commercial  Oil 

I \ pe 

Reference  Oil 

V'iscositios  (cSt ) 

I00°F 

38.72 

47.0 

("  :io°F 

5.97 

P.7 

Index 

107.72 

10.3 

IAN 

1.74 

2.5 

1 BN 

9.26 

12.7 

Insolubles  ; ) 

Pentane 

0.012 

0.02 

Pentane  W/  Coag. 

0.004 

O.OI 

Benzene 

0.00 

0.02 

Benzene  VV/Coag. 

0.017 

0.01 

Gravity  (°  API  («  60°F(  1 5.5°C  )) 

29.5 

28.3 

Fdash  Point  (°Kl 

435(224°C) 

417(214°C) 

Pour  Point  (°F) 

-1 1(-24°C) 

-24(-31“C) 

C arbon  Residue  (7f ) 

1.45 

1.7 

Sultated  Ash  ('A ) 

1.47 

1.7 

Flenients 

Nitrogen  ('/  wt) 

0.330 

0.0(1 

Boron  (p/m) 

13 

- 

X-Ray  FI  or.  (7 ) 

Barium 

0.20b0 

- 

Caleium 

0.3080 

- 

Chlorine 

0.0120 

‘0.01 

Copper  (p/m) 

'25 

Phosphorus 

0.1000 

0.12 

Sulfur 

0.2900 

0.42 

Zine 

0.0800 

- 

Atomic  Absorption  (p/m) 

Barium 

1910 

^^50 

Calcium 

2932 

4400 

Copper 

<1 

- 

iVIagnesium 

88.0 

22.0 

Sodium 

1 1.0 

20.0 

Zinc 

(i92.0 

800.0 

Nolc;  The  less-lhan  symbol  (<)  is  used  to  indicate  lowest  detection  level  ot  method. 
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1 ;ihle  t- AMHCt'.  Factory  Fill  30  Grade  Lubricants 


Properties 

Oil  Type 

Reference  Oil  Commercial  Oil 

Viseosities  (eSt ) 

0<  I00°l' 

1 : 1 .0 

1 19.4 

«':io"P 

12.0 

12.15 

Index 

101.0 

99.54 

IAN 

2.3 

1.70 

TBN 

13.9 

6.75 

Insolubles  {'/r  1 

Pentnne 

0.04 

0.018 

Pentane  W/Coag. 

0.04 

0.004 

Benzene 

0.03 

0.00 

Benzene  W/C'oag. 

0.01 

0.008 

Gravity  (°  API  (<‘  60°F(  1 5.5°C)) 

25.5 

27.3 

Flash  Point  (°F) 

433(223°C) 

450(232°C) 

Pour  Point  (°F) 

2(-17°C) 

-7(-22°C) 

Carbon  Residue  (7f ) 

2.1 

1.13 

Sult'ated  Ash  (7) 

1.6 

0.94 

F.lements 

Nitrogen  (%  wt) 

0.07 

0.0660 

Boron  ( p/ni ) 

- 

''1 

X-Ray  Flor.  (7f) 

Barium 

- 

<0.0200 

Calcium 

0.2350 

Chlorine 

^.001 

0.0130 

Copper  (p/m) 

- 

<25 

Phosphorus 

0.13 

0.1200 

Sulfur 

0.48 

0.4400 

Zinc 

- 

0.0900 

Atomic  Absorption  (p/m) 

Barium 

<50 

<50 

( alcium 

4400 

2531 

Copper 

- 

<1 

Magnesium 

26.0 

8.0 

Sodium 

10.0 

22.0 

Zinc 

700.0 

748.0 

Note;  The  Icss'than  symbol  <<)  Is  used  to  indicate  Jouesl  detection  level  of  method. 
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Vehicle  Type:  Cirader 


Power  Section:  446X104 


Wear  Metals 

Additive  Metals 

Hours 

Aluminum 

Iron 

Oirornium 

Silicone 

Phosphorus 

Harium 

iine 

Calcium 

1 njilne  Oil 

273 

20 

5 

3 

23 

10 

3 

720 

- 

820 

1350 

500 

8 

20 

2 

30 

3 

6 

750 

90 

860 

1800 

750 

20 

40 

0 

18 

6 

10 

720 

to 

1100 

4500 

1000 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Transmission  Oil 

273 

37 

86 

2 

280 

70 

6 

650 

- 

500 

3600 

500 

22 

47 

0 

300 

40 

6 

700 

1000 

860 

4500 

750 

35 

45 

3 

92 

16 

10 

780 

300 

530 

- 

1000 

25 

37 

2 

88 

7 

7 

640 

270 

600 

- 

Hydraulic 

fluid 

273 

40 

8 

2 

6 

1 

8 

680 

- 

860 

3200 

500 

18 

4 

0 

5 

0 

3 

750 

1100 

1100 

5000 

750 

33 

9 

1 

22 

1 

13 

600 

860 

540 

- 

1000 

32 

10 

1 

19 

1 

11 

590 

810 

590 

- 

Tables,  Summary  of  Oil  Analysis  Data:  Loader  (P/Mt 


Vehicle  Type:  Loader 
Power  Section:  446X105 


Wear  Metals 

Additive  Metals 

Hours 

Aluminum 

Iron 

Chromium  Copper 

Lead  Silicone 

Phosphorus 

Barium 

Zinc 

Calcium 

154 

250 

500 

750 

1000 

26 

18 

54 

10 

26 

73 

2 

0 

28 

5 

200 

6 

Lngine  Oil 

9 

17 

1 

7 

3 

12 

680 

650 

530 

50 

0 

800 

700 

30 

1800 

7000 

154 

40 

55 

3 

Transmission  Oil 

500  75  8 

580 

800 

3000 

250 

38 

80 

2 

400 

50 

8 

550 

- 

500 

3200 

500 

21 

57 

0 

350 

25 

5 

750 

1080 

1100 

6500 

750 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1000 

28 

68 

2 

160 

64 

10 

640 

500 

650 

- 

154 

38 

7 

1 

Hydraulic  ITuid 

5 1 8 

660 

860 

3700 

250 

34 

16 

3 

8 

8 

6 

700 

- 

650 

3500 

500 

18 

II 

0 

8 

0 

4 

755 

1300 

1000 

6000 

750 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1000 

26 

18 

3 

7 

1 

11 

650 

1050 

690 

- 

Table  6.  Summary  ol' Oil  AnalyMs  Data:  Water  Distributor  I (P/M) 


Vehicle  Type:  Water  Distributor  I 
Power  Section:  446X106 


Wear  Metals Additive  Metals 


Iron 

Chromiun 

Coppe 

r Lead  Silicone 

Phosphorus 

Barium 

Zinc 

Calcium 

Lneine  Oil 

96 

25 

8 

4 

8 

10 

12 

750 

- 

680 

1650 

250 

500 

21 

27 

0 

5 

6 

0 

640 

10 

860 

5500 

750 

26 

28 

5 

5 

1 

6 

530 

0 

570 

1000 

_ 

- 

- 

- 

- 

— 

Transmission  Oil 

96 

36 

50 

2 

215 

55 

8 

550 

- 

500 

3100 

■>50 

21 

35 

0 

135 

17 

0 

700 

600 

1000 

7500 

500 

22 

50 

0 

240 

130 

0 

500 

330 

1100 

6500 

750 

innn 

29 

35 

3 

88 

4 

10 

990 

0 

_ 

- 

Hydraulic  ITuid 

96 

36 

9 

2 

17 

6 

12 

700 

- 

600 

4300 

250 

21 

0 

12 

0 

0 

750 

1200 

1100 

6000 

500 

17 

5 

0 

12 

12 

6 

700 

1100 

1000 

5000 

750 

29 

8 

1 

14 

4 

11 

640 

1200 

570 

1000 

- 

- 

- 

- 

- 

“ 

”■ 

^ 

Table  7.  Summary  of  Oil  Analysis  Data:  Dozer  (P/M) 

Vehicle  Type:  Dozer 
Power  Section:  446X107 


Wear  Metals  Additive  Metals 


Hours 

Aluminum 

Iron 

Chromium  Copper 

Lcud 

Silicone 

Phosphorus 

Barium 

Zinc 

Calcium 

78 

32 

14 

1 65 

Lnpine  Oil 

10  20 

550 

__ 

450 

4000 

250 

30 

7 

6 94 

25 

16 

750 

40 

1200 

6000 

500 

23 

38 

0 

52 

13 

3 

660 

0 

1100 

7500 

750 

- 

- 

- 

- 

- 

- 

— 

• 

1000 

- 

- 

- 

- 

- 

- 

— 

— 

“ 

Transmission  Oil 

78 

47 

74 

4 

1100 

200 

12 

- 

480 

250 

31 

76 

0 

550 

250 

5 

800 

380 

780 

500 

33 

60 

9 

700 

130 

3 

820 

220 

833 

32 

29 

0 

130 

34 

II 

0 

500 

- 

Hydraulic  ITuid 

78 

36 

7 

2 

7 

8 

8 

700 

600 

5200 

250 

17 

1 

0 

6 

2 

3 

750 

920 

1 000 

6000 

500 

- 

- 

- 

— 

: 833 

32 

13 

1 

12 

1 

9 

750 

820 

720 

— 

1 000 

- 

- 

Tables.  Suniiiiary  u! Oil  Analysis  Data:  Dumper  (H/.M) 


Vehicle  Type:  Dumper 
Power  Seetum:  446X108 


Wear  Metals 

Additive  Metals 

Hours 

Aluminum 

Iron 

Chromium  Copper 

Lead 

Silicorte 

Phosphorus 

Barium 

Zine 

Cah'ium 

K npinc  Oil 

20 

44 

5 

2 

8 

10 

10 

680 

740 

4100 

250 

45 

42 

3 

18 

55 

16 

580 

- 

720 

4400 

500 

20 

20 

3 

10 

6 

0 

600 

0 

1 100 

7500 

750 

34 

38 

17 

27 

90 

20 

650 

0 

950 

6000 

1000 

33 

60 

1 1 

17 

68 

9 

530 

0 

580 

- 

Transmission  Oil 

20 

48 

10 

2 

95 

45 

8 

760 

880 

1200 

250 

45 

25 

2 

200 

60 

7 

680 

- 

860 

5700 

500 

20 

9 

0 

86 

18 

5 

740 

0 

1000 

6000 

750 

- 

- 

- 

- 

1000 

31 

49 

2 

450 

178 

6 

780 

0 

630 

- 

Hydraulic 

1 luid 

20 

48 

5 

3 

3 

1 

7 

760 

900 

5300 

250 

45 

0 

1 

5 

1 

8 

760 

900 

5300 

500 

22 

0 

0 

6 

0 

4 

800 

540 

1 100 

6000 

750 

22 

1 

0 

7 

0 

5 

770 

560 

800 

6000 

1000 

31 

7 

2 

12 

1 

9 

780 

560 

650 

* 

(jrade  commercial  oil  contains  barium  but  SAH  10  Grade  reference  oil  does  not  con- 
tain barium.  Inspection  of  Tables  4 through  8 indicates  that  the  commercial  product 
was  mistakenly  used  for  factory  fill  of  the  dozer  transmission.  This  error  is  not  consid- 
ered serious  because  the  referenee  oil  was  used  as  a refill  oil  at  the  500-hour  drain 
interval.  Examination  of  these  tables  also  indicated  that  the  commercial  oil  was  used 
as  the  hydraulic  tliiid  in  all  of  these  vehicles.  None  of  the  vehicles'  hydraulic  systems 
was  factory  filled  with  reference  oil.  This  factory  error  invalidated  the  primary  objec- 
tive of  this  study. 

Silicone  is  normally  considered  as  a contaminant  metal.  The  concentration 
of  elemental  silicone  in  the  used-oil  samples  is  a measure  of  dirt  (silica)  ingestion. 
It  is  included  in  these  tables  becau.se  extremely  dusty  conditions  were  noted  at  the 
test  site  during  summer  months  creating  the  ever-present  possibility  of  accidental 
dirt  ingestion  during  oil  addition.  Dirt  ingestion  can  cause  an  accelerated  wear  of 
all  engine  components.  Oil-analysis  data  indicate  fairly  constant  and  low  level  of  silica 
in  the  engine  oil.  The  effect  of  silica  on  engine  wear  appears  to  be  minimal  in  that  the 
aluminum  concentration  (from  piston  skirts),  iron  concentration  (from  cylinder  walls, 
crankshaft,  and  camshaft),  and  chromium  (from  piston  rings)  did  not  show  any  direct 
variation  with  silicone  concentration. 
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riic  inspection  of  engine  parts  during  teardown  indicated  a potential,  bearing- 
wear  problem.  Bearings  utili/,ed  in  the  I'AMHCH  are  of  a steel-backing,  copper-tlashing, 
and  lead-overlay  design.  Normal  bearing  wear  would  be  indicated  by  the  initial  pres- 
ence of  lead  followed  by  copper  after  a wearing  away  of  the  lead  overlay.  In  Tables 
4 through  8.  wear-metal  data  are  presented  for  engine  oil  samples  collected  on  vehicle 
arrival  at  the  test  site  and  at  each  250-hour  drain  interval.  The  reference  oil  was  used 
as  the  refill  oil  for  all  of  these  vehicles.  With  the  exception  of  the  water  distributor, 
all  units  showed  elevated  copper  and  lead  concentrations.  These  results  suggest  an 
accelerated  bearing  wear.  The  absence  of  bearing-wear  signs  in  the  water  distributor 
is  difficult  to  explain  because  a variety  of  factors  such  as  the  inability  to  use  the 
distributor  during  winter  months,  the  operator,  the  speed,  and  the  load  need  to  be 
considered.  Findings  suggest  that  there  is  no  clear  indication  of  differences  in  the 
ability  of  the  commercial  and  reference  oils  to  prevent  rapid  bearing  wear.  Another 
factor  that  needs  to  be  considered  is  that  bearing  failure  is  characterized  by  coarse 
copper  metal  particles  which  would  not  be  detected  in  oil  analysis.  For  example,  in 
the  dumper  where  bearing  failure  has  been  documented,  high-lead  concentrations 
are  found  considerably  in  excess  of  the  copper  concentrations.  This  is  not  true  in 
the  case  of  the  grader,  loader,  distributor,  and  dozer.  Wear-metal  data  for  the  grader, 
loader,  and  dozer  indicate  copper  concentrations  in  excess  of  lead  concentrations 
which  may  indicate  a more  normal  but  accelerated  bearing  wear.  Although  the  copper/ 
lead  concentration  shows  a general  decrease,  these  units  do  show  significant  increases 
in  iron  concentrations  that  tend  to  indicate  some  type  of  a wear  problem. 

Inspection  of  wear-metal  concentrations  in  the  transmission-oil  samples 
indicates  high  copper,  lead,  and  iron  levels.  These  levels  rellect  the  initial  break-in 
process.  After  the  initial,  500-hour  oil  change,  the  wear-metal  concentrations  signifi- 
cantly decrease  in  all  vehicles  except  the  dumper.  Although  copper  and  lead  levels 
were  high  in  the  dumper,  physical  inspection  of  the  dumper’s  transmission  did  not 
indicate  any  unusual  wear  problems. 

Used  oil  samples  from  the  hydraulic  systems  of  the  vehicles  indicate  slightly 
elevated  copper  levels  in  the  grader,  dozer,  and  dmnper  and  slightly  elevated  iron 
levels  in  the  loader  and  dozer.  These  levels  might  result  from  abrasive  wear  caused  by 
dirt  ingestion.  The  iron  concentration  of  these  oils  would  be  indicative  of  wear  of  the 
hydraulic  control  valves;  however,  because  a physical  inspection  of  the  dumper  hy- 
draulic system  could  not  be  made,  no  correlation  of  wear-metal  coneentrations  with 
hydraulic-system  wear  can  be  made. 

II.  Lubricant  Degradation.  Viscosity  changes  and  the  amount  of  pentane 
insolubles  in  used  engine  oils  are  presented  in  Table  d,  and  data  on  the  viscosity  changes 
and  total  solids  content  of  transmission  and  hydraulie  tluids  are  presented  in  fable  10. 
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Because  ot  a shortage  of  laboratory  personnel,  pentane  insolubles  and  solids  content 
were  determined  on  only  a lew  randomly  selected  oil  samples.  Data  from  Table  9 
indicate  an  average  engine  oil  viscosity  increase  of  approximately  9'/c  for  250  hours 
ol  operation.  Viscosity  increases  as  high  as  25%  are  considered  acceptable.  Data  do 
not  indicate  excessive  deterioration  of  OK/HDO-dO.  Data  from  Table  10  indicate 
minimal  solids  content  and  viscosity  increases  in  used  transmission  oils  and  hydraulic 
tluids.  The  apparent  viscosity  increase  in  the  commercial  oil  is  questionable.  The 
reference  oil  viscosity  of  6.7  cSt  is  considerably  in  excess  of  the  6.0  cSt  viscosity 
ot  the  commercial  oil,  and  the  use  of  the  reference  grade  oil  as  make-up  would  at 


least  contribute  to  this  observed  viscosity  increase.  No  signiticant  viscosity  increases 
were  found  in  the  used  reference  oil  samples. 

Table  9.  Viscosity  Changes  and  Insolubles  Content  ol  1 neine  Oils 

Commercial  Gil 
30  Grade 

Relerence  Oil 

30  tirade 

Properties 

Cirader 

Loader 

Distributor 

Dozer 

Dumper 

(446X104) 

(446X105) 

(446X106) 

(446X107) 

(446X108) 

Vis(cSt(<'2|0°l 

1)  Vis(cSt)(o2l0“l) 

Vis(cSl(v2l0'’l 

) Vis(cSt("2l0“l  ) 

Vis(cSt(‘'210°l  ) 

Insol 

Insol 

In  sol 

Insol 

Insol 

a) 

(7;) 

('•; ) 

('if) 

Viscosity 

- 

12.1 

_ 

12.2 

of  New  Oil 

Initial  Oil*"* 

11.5 

10.9 

11.8 

12.5 

12.7 

Sample 

0.034 

0.50 

0.02 

1st  Oil 

11.6 

_ 

13.0 

13.0 

Drain 

0.19 

0.26 

2nd  Oil 

13.3 

12.7 

13.4 

13.3 

13.7 

Drain 

3rd  Oil 

_ 

13.4 

14.2 

Drain 

***  Pentane  insolubles  determined  by  ASTM  Method  1)893.; 

(2) 

Initial  samples  taken  on  delivery  ol  vehicles  to  1 ort  Belvoir.  Operating  hours  were  grader  (273).  loader  (133) 
distributor  (97),  dozer  (78),  and  dumper  (20). 


13 


l ablc  10.  Viscosity  C'hanj:cs  anil  Solids  Cun tcni  of  Transmission  and  Hydraulic  (fils 


Commercial  Oil 

10  c;  fade 

Reference  Oil 

10  tirade 

Properties 

Cirader 

Loader 

Distributor 

Do/er 

Dumper 

(446  X KM) 

(446X105) 

(446X106) 

(446X107) 

(446X108) 

Vis(cSt(‘'2l()°l  ) 

Vis(eSl)(“2l0‘'l  ) 

Vis(eSt(‘'2l()“l  ) 

Vis(eSl<“2l0T  ) 

Vis)iSt(v2IO'l  ) 

Solids 

Solids 

Solids 

Solids 

Solids 

(';!) 

(9;) 

(90 

('.) 

('(  I 

Viscosity  o!' 

- 

6.0 

_ 

6.7 

New  Oil 

Transmission  Oils 

On  Arrival^-^ 

- 

5.8 

6.0 

6.7 

6.6 

Intermediule 

6.4 

6.1 

6.5 

6.8 

6.9 

250-hr  Sample 

- 

0.006 

- 

- 

0.008 

Oil  Druin 

6.5 

6.4 

6.9 

6.7 

500-hr  Sample 

- 

- 

0.005 

0.015 

nd‘-’* 

Hydraulic  System  Oils 

Initial 

- 

6.2 

6.3 

6.5 

6.4 

0.004 

Intermediate 

6.3 

6.0 

6.5 

6.5 

6.7 

250-hr  Sample 

0.005 

0.006 

ND 

0.003 

0.005 

Intermediate 

500-hr 

6.3 

6.4 

6.3 

- 

6.4/0.013 

Intermediate 

750-hr 

6.6 

- 

6.4/0.04 

7.0/0.12 

6.4/0.007 

f inal  Sample 

6.6/0.14 

6.1/0.01 

- 

- 

6.3/0.16 

***Solids  determined  by  ASTM  .Method  I 313. 


*■*  Initial  samplinj:  taken  on  delivery  of  vehicles  to  I ort  Belvoir.  Operating  hours  were  grader  (273),  loader  ( 153), 
distributor  (97),  dozer  (78),  and  dumper  (20), 

ND  — not  drained. 


12.  Silicone  Brake  Fluid.  Of  the  two  units  utilizing  silicone  brake  tluid.  one  unit 
is  still  under  test.  Admixing  VV-V-680  brake  fluid  (glycol-based)  with  the  silicone 
fluid  invalidated  testing  on  one  of  the  two  vehicles.  No  problems  directly  related  to 
the  use  of  this  brake  fluid  were  reported. 

13.  Fuel  Surveillance.  Certain  starting/engine  failure  problems  during  DTIl 
testing  were  suspected  of  being  related  to  VV-F-800B  diesel  fuel  ciuality.  As  part  of 
this  cooperative  effort,  technical  assistance  was  provided  in  the  resolution  of  fuel- 
related  problems  as  they  occurred.  Primary  problems  were  traced  to  housekeeping 
practices,  fuel  contamination  of  unknown  origin,  and  use  of  a nonrecommended  fuel 
de-icing  agent.  A complete  chronological  account  of  the  problems  with  supportive 
laboratory  data  is  presented  in  Appendix  C. 
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IV  ({)N(  LUSIONS 


! 


14,  Cunclusiuns.  Based  on  tlic  results  ol  tliis  test  anil  oliservations  made  during 
the  test,  the  following  eonelusions  are  made: 

a.  Wear-metal  analysis  indieates  an  accelerated  wear  ol  main  bearings  in 
the  I- AMl'C'K  power  modules. 

b.  Contributing  factors  to  bearing  wear  are  believed  to  be  noncontormity 
to  lubrication-order  reiiuirements  to  use  the  SAH  10  Grade  MIL-L-2104C  engine  oil 
for  ambient  temperatures  less  than  40°F  and  improper  operational  procedures. 


c.  The  performance  of  the  SAT  1 0 MlL-L-2 1 04C  engine  oil  in  the  FAMECH 
hydraulic  system  has  not  been  identified  in  FAMECH  DTII.  A commercial,  lactory- 
fill  oil  that  does  not  correspond  to  the  SAE  10  Grade  M1L-L-2104C  specification  was 
used  as  the  factory-fill  product  for  the  five  vehicles  that  served  as  the  basis  ot  this 
report. 

d.  Cold-starting  problems  reported  in  FAMECE  DTII  were  caused  by 
diesel  fuel  of  marginal  quality. 


I 
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DtPARTMENT  OF  THE  ARMY 

U.  S.  ARMY  MOBILITY  EQUIPMENT  RESEARCH  & DEVELOPMENT  COMMAND 
FORT  BELVOIR,  VIRGINIA  22060 


DRDME-GL 

SUBJECT : Flammability  Characteristics  of  Hydraulic  Fluid  vs  Automotive  Engine  Oils 


Project  Managers  Office 
FAMECE/UET 
ATTN;  DR(PM-FM 
Ft.  Bel  voir,  VA  22060 


1.  Reference  is  made  to  your  meeting  on  5 January  1977  with  Mr.  M.  LePera  (this 
office)  relative  to  potential  use  of  Less  Flammable  Hydraulic  Fluids  (MlL-H-46170 
Amd  I.  FRH)  in  FAMECE/UET  systems. 

2.  During  the  referenced  meeting,  the  potential  advantages  resulting  from  substitution 
of  FRH  Hydraulic  Fluids  in  place  of  MIL-L-2104C.  OE/HDO-10  engine  oil  were  dis- 
cussed. To  clarify  some  areas  of  concern,  it  was  agreed  that  this  office  would  forward 
laboratory  flammability  data  comparing  the  lluids  in  question.  Prior  to  discussing  the 
tlammability  data,  a tabulation  of  the  pertinent  specification  requirements  for  the 
FRH  and  OE/HDO-IO  products  was  prepared.  In  addition  to  these  lluids,  the  require- 
ments for  the  conventional  MIL-H-6083D  (OUT)  hydraulic  tluid  and  the  Aberdeen 
Proving  Ground  Purchase  Description  (APG  PD)  No.  I Arctic  Engine  Oil  were  also 
included.  These  pertinent  specification  requirements  are  shown  on  Table  (All . 

3.  To  clairfy  questions  arising  during  the  discussions,  the  following  identify  the 
lluid/oil  and  its  intended  use: 

a.  MIL-H-6083D  - This  hydraulic  tluid  is  essentially  a polymer-thickened 
kerosene  which  prior  to  the  Middle  East  conllict  was  the  hydraulic  tluid  u.sod  in  all 
Army  armored  eciuipment.  It  is  still  the  corrosion-inhibited  hyiiraulic  tluitl  used  in 
all  c,\ccpt  the  .M60/M48  series  tanks. 
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DRDMh-(;L 

SUHJIXT;  Flammability  Characteristics  of  Flydraulic  vs.  Automotive  laigine  Oils 

h.  MIL-H-46170  Amd  1 — This  is  a synthetic  hydrocarbon  base  hydraulic 
tluid  referred  to  as  a poly-alpha-olefin.  This  is  now  being  re-introduced  for  use  in 
the  MbO  and  M48  series  tanks  as  the  less-llainmable  hydraulic  fiuid.  Its  development 
and  subsequent  introduction  were  intended  as  a short-term  solution.  ROTIi  efforts 
currently  underway  are  focusing  on  the  long-term  solution  which  involves  a non- 
tlammable  hydraulic  fiuid. 

c.  AITi  PD  No.  I - This  is  an  automotive  engine  oil  formulated  using  either 
a synthetic  diester  fiuid  or  an  alkylated  ben/.ene  which  was  introduced  in  1969  for 
use  in  A’^my  engine  and  transmission  systems  for  operating  in  arctic  environments. 

These  fully  formulated  fiuids  have  been  e.xtensively  tested  in  hydraulic,  transmission, 
and  l-C  engine  systems. 

d.  M1L-L-2104C  — This  is  a conventional  automotive  engine  oil  designed  for 

Army  tactical  equipment.  It  is  fully  formulated  to  meet  or  exceed  API  CD/SC  perform- 
ance levels.  I 

I 

4.  The  fiammability  data  generated  thus  far  was  reviewed  to  provide  back-to-back 
comparisons.  Table  (A)2  provides  comparisons  of  representative  properties.  Where 
no  values  are  given,  the  particular  test  was  not  conducted.  From  this  preliminary 
fiammability  data,  it  would  appear  that  very  little,  if  any,  advantage  may  accrue 
trom  substitution  ot  FRIF  in  place  of  OF/fIDO-1 0 oil.  This  is  evidenced  by  somewhat 
equivalent  Flash  Points,  Mist  Flammability  Flashback  values,  and  Impact  Dispersion 
ratings. 

5.  To  further  clarify  this  point,  additional  laboratory  experimentation  is  in  process 
to  definitively  establish  the  vulnerability  hazards  associated  with  OUT,  FRH,  OF/HDO- 
10,  and  commercial  C C F hydraulic  fiuids.  ficrmane  to  this,  the  water-abosorption 
phenomena  is  being  concurrently  evaluated.  As  soon  as  completed,  this  data  will  be 
forwarded  to  your  attention, 

FOR  Till,  COMMANDFR: 


- Incl  /t/s/  Rl(  HARD  P,  S{  iiMi  rr 

Acting  Chief 

I ncrgy  and  Water  Resources  Laboratory 


CF. 

AFLRL  t.Vlr,  Lest/)  w incl 
DRDMF-ll  w incl 
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TablelA)!.  Co 

mparison  of  Fluid/Oil  I 

’roperties 

Specification  No: 

MIL-H-608.^D 

MlL-H-46170 

APC  PD  No.  1 

MIL-L-2104C 

Military  Symbol: 

OUT 

FRIl 

OFA 

OF  1 IDO- 10 

NATO  Designation: 

C-635 

0-183 

0-237 

I'luid  Type: 

Petroleum 

Syn  Hydrocarbon 

Diester 

Petroleum 

Inspection  Rec|nis: 

Kinematic  Viscosity,  cSt: 

210  F 

- 

3.5  min 

5.75  min 

5.7  to  7.5 

(■'  100°F 

14.0  min 

H).5  min 

— 

_ 

("  0“F' 

- 

- 

(1200  cp) 

C*-  -40°  F 

800  max 

2600  max 

8800  max 

- 

(•'  -65  °F 

.3500  max 

report 

- 

- 

Pour  Point.  °F  max 

-75 

-65 

-65 

-25 

Flash  Point,  ''F  min 

200 

425 

425 

400 

Fire  Point,  °F  min 

- 

475 

- 

Auto  Ignition 

Temp,  °F  min 

- 

650 

- 

- 

Particulate 

Contamination 

required 

required 

- 

- 

Flammability  Test 

High  Temp/ 

High  Pressure  spray 

- 

must  pass 

- 

- 

Flame  Propagation 

- 

must  pass 

- 

- 

Limits  of  Operation 

-65  to  275 

-40  to  275 

down  to  -65 

down  to  -25 
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Spocification  No: 


lypical  Properties 


table  (A)2.  Comparison  of  1 luid/Oil  Properties 
MIL  I1-6083D  MI1.-II4(>170  AP(.  PI)  No. 

out IRll 


Mll,-L-:i04C 
()1  /1IIX).|0 


Kinematie  Viscosity,  cSi : 


(•'  :io'’T 
("  I00”T 
("  O'’!' 

1''  -40'’ 1- 
(«  -65" t- 

4.3 

14.6 

132 

731 

2435 

3.0 

17.3 

356 

2464 

6.2 

20.3 

784 

7420 

47,640 

6.7 

46.2 

3200 

Hash  Point . "p 

200 

410 

480 

430 

Tire  Point,  "T 

210 

435 

Auto  Ignition 

Temp,  °f- 

460 

770 

Mist  T'lummability 

Mean  inches 

Hash  back 

4.1 

2.0 

1.3 

1.8 

Impact  Dispersing 
Hammability  Rating 

C 

A 

A 

A 

I)i;PAR  I Ml-NT  ()1  Tin;  ARMY 

LJ.  S.  ARMY  MOBILITY  I Qlill’MLNT  RLSLARC  ll  & Dl  Vl.LOPMl.NT  ( OMMAM) 
PORT  BLLVQIR,  VIROIMA  ::0(>0 


i)ri)mi:-(;l  :3lt,bi^>77 

SUBJL'C'T:  Participation  in  the  I- AMLC'li/Ui-T  Program 


I’roject  Manager  I'AMLC'L'/UKT  System 
ATTN.  DRCPM-FM  (C  OL  Schneider) 
F-ort  Belvoir,  VA  220(r0 


1.  Reference  is  made  to  a meeting  lield  14  F-ebruary  with  F- AMFiCL/ULT  staff  and 
personnel  from  this  office  relative  to  possible  program  coordination. 

2.  As  was  explained,  this  office  has  the  responsibility  in  Fuels  and  Lubricants 
RDTE  programs  within  DA.  under  Project  No.  I Fb62(il  1 AF1(-)9.  which  addresses 
new  fuel,  lubricant,  grease,  etc.,  requirements  being  generated  by  implementation 
of  a new  design  concept.  This  office  also  has  custodial  responsibility  for  Army  ground- 
vehicle  fuel  and  lubricant  specifications. 

3.  During  the  discussions  at  the  reference  meeting,  the  potential  utilization  of 
reference/referee  vs  standard  procurement  products  was  recommended  by  this  otfice. 
The  need  to  utilize  re  fere  nee /referee  products  in  RDTE  development  programs  was 
previously  addressed  in  our  response  to  a TECOM  query  (Incl  1).  In  line  with  this, 
it  was  proposed  that  a request  be  prepared  identifying  those  areas  wherein  cooperative 
participation  was  being  solicited  by  the  Fuels  and  Lubricants  Division.  The  point  of 
interest  involves  the  forthcoming  DT-1  testing  of  thirteen  FAMEC'I-  units. 

4.  The  extent  of  our  participation  woidd  encompass  the  following  areas  of  interest : 

a.  The  F AMIX  F utilizes  MlL-L-2 104(' Ol  /FFDO-1 0 as  a hydraulic  lluid.  Since 
this  oil  has  been  ami  is  formulated  to  meet  spark- ami  diesel-engine  performance  needs, 
its  use  in  hydraulic  systems  may  be  optimized  once  the  reejuirements  have  been  defined. 
To  accomplish  this  and  to  generate  baseline  data  on  performance  of  engine  oils  as 
hydraulic  Iluids.  it  is  proposed  to  use  a “reference  grade"  Mll-L-2104('  t)il  in  the 
hydraulic  systems,  crankcase,  and  transmission  systems  ot  five  I .AMI  C I units. 


Incl  I 


DRDMH-GL 

SUBJECT:  Participation  in  the  FAMECE/UET  Program 


E.  Once  introduccil,  samples  of  tlie  oil  from  the  five  units  and  others  operating 
on  a standard  supply  MIL-L-2104C'  product  will  be  obtained  before,  during,  and  at 
the  termination  of  the  DT-1  test.  The  sampling  schedule  and  methodology  will  be 
developed  and  forwarded  upon  approval  of  this  request.  It  should  be  noted  that  our 
participation  will  be  on  a non-interference  basis  with  the  pending  DT-1  test.  Analysis 
of  the  used  oils  will  be  performed  (at  no  cost  to  your  office)  to  identify  possible  wear 
problems,  oil  system  compatibility,  and  overall  system  performance. 

c.  The  other  area  of  interest  involves  the  possible  use  of  candidate  silicone 
hydraulic  brake  tluids  in  the  FAMEUE  systems.  These  new  lluids  possessing  vastly 
superior  properties  over  conventional  VV-R-(>80  tluids  have  been  exposed  to  limited 
field  fleet  tests  in  M151  vehicles.  In  early  spring,  this  office  is  planning  to  propose  to 
TARADCOM  a total  retrofit  to  these  silocone  tluids  for  all  Army  vehicles.  It  is  there- 
fore proposed  that  the  candidate  silicone  fluid  be  introduced  in  the  five  FAMECE 
systems. 

5.  This  office  believes  that  data  derived  from  cooperative  efforts  as  described  above 
will  provide  valuable  input  for  the  Army’s  Fuels  and  Lubricants  research  and  develop- 
ment program  as  well  as  essential  information  for  evaluating  performance  of  your 
equipment  under  test.  The  reference  lubricant  and  fluid  will  be  supplied  at  no  cost. 

6.  Should  you  have  any  questions  relative  to  this  request,  please  contact  Messrs 
LePera  or  Kennedy  (354-3576/4594)  at  this  office.  Your  comments  relative  to  the 
above  would  be  appreciated. 

FOR  THE  COMMANDER. 


DISPOSITION  FORM 

Pm  w««  *1  «Ku  !•€•••  — All  )40'1S«  tk«  ptfmmf  U TA6CIN* 


KEfCRCNCC  0>  OFFICE  SymML  SUBJECT 


DRCPM-FM-TM 


Reference  Oil  Program  for  FAMECE  DTII 


T<t)RDME-GL 


FROM  PMO,  FAMECE/UET 


date  18  Mar  1977  Cmt  i 
Mayo/met/41635 


1.  Reference  letter,  DRDME-GL,  23  Feb  77,  Subject:  Participation  in  the  FAMECE/UET  Program. 

3.  This  office  concurs  in  your  participation  in  a “reference  grade”  oil  (including  silicone  brake  fluid) 
testing  program  as  described  in  referenced  tetter,  with  the  following  recommendations: 

a.  An  organized  system  be  developed  and  implemented  to  identify/segregate  FAMECE  vehicles  with 
and  without  reference  grade  oil  to  preclude  inadvertent  mixing  of  different  grades  of  oil. 

b.  That  6 rather  than  5 FAMECE  vehicles  be  included  as  “reference  grade”  candidates  as  follows: 
one  each  dumper,  scraper,  grader,  distributor,  dozer,  and  compactor. 

3.  Additional  coordination  on  this  program  should  be  handled  through: 

a.  ETC  Joseph  Martin  of  this  office. 

b.  Art  Follansbee,  DRDME-HK  (MERADCOM  coordinator  for  FAMECE  test). 


/t/s/  MAX  B.  SCHEIDER 
Colonel,  CE 

Project  Manager  for  FAMECE/UET 


MERADCOM,  ATTN:  Mr.  Follansbee 


Incl  1 to  Incl  1 


DA  .'.“.r.,  24 


MCACACCt  00  FOAM  M.  WHICH  IS  OOSOLETC. 


23 


il 


RHFERHNCt:  OIL  PROGRAM 
FOR 

FAMFCE  DTll 


i 


I 

i 


PURPOSE 

To  identify  possible  wear  problems,  oil/systein  compatibility,  and  oil  degradation 
in  FAMFCE  equipment. 

SCOPE 

A set  of  six  vehicles  (one  each  dumper,  scraper,  grader,  distributor,  dozer,  and 
compactor)  from  the  FAMECE  DTI  I test  group  will  utilize  reference  grade  MIL-L- 
2104C  fluids  in  engines,  transmissions,  and  hydraulic  systems  and  a silicone-based 
brake  fluid  in  the  power  and  work  sections.  This  set  of  vehicles  will  be  monitored 
during  testing  by  periodic  oil  sampling/analysis  to  determine  overall  MIL-L-2104C/ 
FAMECE  system  compatibility  as  reflected  by  wear  metal  analysis,  or  quality,  and 
potential  degradation  of  lubricants.  Silicone  brake  fluid  will  be  evaluated  on  a perfor- 
mance basis. 


TEST  FLUIDS/LUBRICANTS 

The  following  test  tluids/lubricants  will  be  furnished  by  the  Fuels  and  Lubricants 
Division.  Energy  and  Water  Resources  Laboratory,  MERADCOM: 

a.  For  Factory  Fill; 

(1)  Twelve  55-gallon  drums  of  Grade  10,  MIL-L-2I04C,  Reference  Engine 
Oil  (OE/HDO-10). 

(2)  Two  55-gallon  drums  of  Grade  30,  MIL-L-2104C,  Reference  Engine  Oil 
(OF/HDO-30). 

(3)  Two  one-gallon  cans  of  silicone-based  brake  fluid. 

b.  For  Operations: 

(1)  Six  55-gallon  drums  of  Grade  10.  MIL-L-2104C,  Reference  Engine  Oil 
(OF/ 11  DO- 10). 

(2)  Six  55-gallon  drums  of  (irade  30,  MIL-L-2I04C,  Reference  Engine  Oil 
(OF/UDO-30). 

(3)  One  1 -gallon  can  of  silicone-based  brake  Iluid. 

Incl  2 


24 


riK-  Ijctory-fill  cngiiic  kibrifant  will  lu-  forwarded  directly  from  the  manulaeturer 
to  (lark  1 iiuipment  Company.  FAMhCl  1 acility  (ATTN:  CI’T  S.  Mis/.kelvit/ 1. 
■Meadowbrook  and  Dewey  Sts.,  Benton  Harbor,  Ml  49022.  It  is  estimated  the  lubri- 
cants will  arrive  at  Clark  l-quipment  by  30  Apr  77.  The  remaining  materials  will  be 
supplied  from  MhRADCOM  to  the  eciuipment  manufacturer  or  test  site  as  applicable. 

TEST  PROCEDURE 

file  lubricant  testing  portion  of  DTIl  will  be  according  to  the  following  pro- 
cedure: 

a.  Eactury  Eill  and  Equipment  Identification: 

(1)  Reference  Grade  MIL-L-2104C,  OE/HDO-10  and  OE/HDO-30:  Hie 
transmissions,  scraper,  hydraulic  systems,  and  crankcases  of  the  six  referenced  vehicles 
should  be  initially  filled  with  the  reference  grade  OE/HDO-10  and  Ol:/HDO-30  lluids 
in  accordance  with  the  equipment  lubrication  orders.  After  fill,  these  vehicles  should 
be  identified  by  spraying  the  filling  ports  with  a suitably  colored  heat  resistant  paint 
(e.g.,  bright  red). 

(2)  Silicone-Based  Brake  Fluid:  Silicone  brake  fluid  should  be  used  in 
place  of  the  MBA  VVB  bXO  brake  tluid  in  these  b vehicles.  General  hygiene  should 
be  practiced  when  handling  this  Huid.  Employees  should  be  instructed  that  silicone 
is  a contact  eye  irritant  and  that  hands  should  be  washed  well  before  rubbing  eyes. 
Spills  on  metal  surfaces  that  are  to  be  spray  painted  can  be  cleaned  with  any  organic 
type  solvent. 

b.  Field  Testing:  During  vehicle  testing,  compatibility  will  be  monitored 
through  used-oil  analysis.  Oil  sampling  will  be  conducted  on  a 200-hour  interval 
basis  either  by  extraction  of  a small  sample  (8  oz.)  of  fluid  from  the  filling  ports  by 
use  of  a syringe  and  length  of  tubing  or  by  collection  of  a large  sample  (32  oz. ) during 
engine  and  transmission  oil  drain.  Oil  sampling  will  be  performed  by  personnel  from 
the  Fuels  and  Lubricants  Division,  Energy  and  Water  Resources,  MERADCOM;  how- 
ever, drain  sample  collection  by  maintenance  personnel  may  be  required  if  drain  inter- 
vals are  irregular.  If  such  assistance  is  required,  labeled  32  oz.  sample  bottles  will  be 
supplied  by  this  laboratory. 

( 1 ) Hydraulic  fluid  samples  will  be  taken  on  a 200-hour  interval  basis  and 
analyzed  for  water  content,  particulate  contamination,  viscosity  changes,  and  other 
tests  as  appropriate. 

(2)  Transmission  and  crankcase  oils  will  be  analyzed  in  accordance  with  the 
following  table.  Additive  depletion  in  transmission  fluid  will  be  monitored  by  infrared 
techniques  and  other  tests  as  appropriate. 
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Now  and  Used  Oil  Sampling;  and  Analysis  Schedule 


i. 


Type  Sample 

New 

Hours  of  l-niiine  Operation 

and  Analysis’"** 

Oil 

:oo 

400 

()00 

800 

1000 

Type  Sample* 

1 

*> 

Viscosity 

:io“T 

X 

X 

X 

X 

X 

X 

100°F 

X 

X 

X 

X 

X 

X 

1 otal  Acid  No. 

X 

X 

X 

X 

X 

X 

I'otal  Base  No. 

X 

X 

X 

X 

X 

X 

Insolubles 

Pentane  ( A&B) 

X 

X 

X 

X 

X 

X 

Benzene  (A&B) 

X 

X 

X 

X 

X 

X 

(iravity 

X 

X 

X 

Flash  Point 

X 

X 

X 

Pour  Point 

X 

X 

X 

Carbon  Residue 

X 

X 

X 

Sulfated  Ash 

X 

X 

X 

Wear  Metals** 

X 

X 

X 

X 

X 

X 

1 = 32  o/.  suinplu,  2 = 8 oz.  sample 
Wear  Metals  (Mo,  Pb,  l e,  Al,  and  Cu) 

Analyses  to  be  eonducted  using  the  following  methods: 


Analysis 


Method 


Viseosity  (2I0"I-  and  I00"l') 

Total  Acid  Number 

Total  Base  Number 

Insolubles  (Pentane  and  Benzene) 

flash  Point 

Pour  Point 

Carbon  Residue 

Sulfated  Ash 

Wear  Metals 


1)445 

1)664 

1)2876 

1)893  (Procedure  A and  B) 

1)92 

1)97 

1)524 

1)872 

Atomic  Absorption 


J 


(3)  Sample  analysis  will  be  performed  by  MHRADCOM. 


(4)  Reports  of  findings  will  be  forwarded  to  the  Product  Manager’s  Ottiee 
for  FAMECt/UhT. 

c.  Information  to  be  Recorded;  The  following  information  should  be  main- 
tained during  the  course  ot  the  test  in  the  form  ot  a test  diary: 

( 1 ) Oil  Consumption;  Data,  hours,  miles,  and  quantity  added. 

(2)  Engine  Maintenance:  Date,  action,  reason,  i.e.,  scheduled  or  unsched- 
uled. 

(3)  Changes  in  engine  power/performance. 

FUEL  QUALITY 

If  desired,  fuel  quality  evaluations  can  be  made  by  this  laboratory. 


I 

i 

f 

I 
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APPENDIX  B 


INSPECTION  OF  ENGINE  AND 


TRANSMISSION  FROM  FAMECE 


DUMPER  I 
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DHPARTMHNT  OF  THE  ARMY 

US  ARMY  MOBILITY  EQUIPMENT  RESEARCH  AND  DEVELOPMENT  COMMAND 
FORT  BELVOIR,  VIRGINIA  22060 

jtw/43576 

DRDME-GL  22  February  1978 

MEMORANDUM  FOR  RECORD 

SUBJECT:  Inspection  of  Engine  and  Transmission  From  FAMECE/UFT  Unit  No.  3 

On  15  and  16  February  1978,  Messrs.  Bowen  and  Kennedy  performed  the  subject 
inspection.  The  following  provides  data  covering  the  items  inspected  and  summarizes 
the  inspection  findings: 

ENGINE  TRANSMISSION 

Make:  Cummins  Make:  Clark 

Model.  VT555-C240  Model:  LT-7853 

Serial  No:  20160902  Serial  No:  63013T 

OPERATION 

Unit:  FAMECE  Dumper 

Service.  Long  and  short  haul  fully  loaded 

Time:  1250  hours 

INSPECTION  (Engine) 


Description 

Pistons  were  in  satisfactory  condition. 
Deposits  were  low.  All  rings  were  free  and  in 
good  condition.  All  skirts  showed  moderate 
scratching  resulting  from  dirt  ingestion.  Also, 
tlie  thrust  side  of  No.  7 and  No.  8 pistons 
showed  several  small  areas  of  light  scuffing 
which  could  have  resulted  from  the  dirt 
ingestion  or  from  cold  starting. 


Component 

Pistons  General 
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DRDME-GL  22  February  1978 

SUBJHCT:  Inspection  of  Engine  and  Transmission  from  FAMECE/UET  Unit  No.  3 

INSPECTION  (Engine)  (Cont’d) 


Component  Description 


No.  1 

Rings 

Land  2 

Land  3 

Skirt 

Free  and  in  good  condition  (wear  Vi  way 
across  2nd  compression) 

1009^  coverage  with  LC  to  MC  deposits 
lOCK/v  coverage  with  lacquer  deposits  (BL-AL) 
Lt  - Med  scratching 

No.  2 

Rings 

Same  as  No.  1 

Land  2 

Same  as  No.  1 

Land  3 

1009?  coverage  with  AL-LAL  deposits 

Skirt 

Lt  — Med  Scratching 

No.  3 

Rings 

Same  as  No.  1 

Land  2 

Same  as  No.  1 

Land  3 

AWr  coverage  with  LC-MC,  b^'/c  coverage  with 
BL-AL  deposits 

Skirt 

Same  as  No.  1 

No.  4 

Rings 

Same  as  No.  1 

Land  2 

Same  as  No.  1 

Land  3 

20'/  coverage  with  LC,  509i  with  AL-LAL 
and  3(X?  clean 

Skirt 

Same  as  No.  1 

No.  5 

Rings 

Same  as  No.  1 

Land  2 

Same  as  No.  1 

Land  3 

50'/  coverage  with  AL-LAL.  50'/  clean 

Skirt 

Same  as  No.  1 

No.  6 

Rings 

Same  as  No.  1 

Land  2 

80'/  coverage  with  LC-MC.  lO'i  BL-DBRL 
and  \ Qf/i  clean 

Land  3 

1 5'/  coverage  with  LC.  55'9 

Skirt 

Same  as  No.  1 
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l)KI)Mh-tiL  22  February  1978 

SUBJFXT:  Inspection  of  hngine  and  Transmission  from  FAMECt/UhT  Unit  No.  3 


INSPECTION  (Engine)  (Cont’d) 


Component 

Description 

No.  7 

Rings 

Land  2 

Land  3 

Skirt 

Same  as  No.  1 

907^  coverage  with  LC-M('.  107  BL-DBRL 

30',/  coverage  with  AL-LAL,  707  clean 

Heavy  scratch,  several  small  areas  of  light 
scuffing 

No.  8 

Rings 

Land  2 

Land  3 

Skirt 

Same  as  No.  1 

Same  as  No.  1 

857  coverage  with  LC-MC,  157  with  BL-AL 
Heavy  scratching,  one  small  area  of  light 
scuffing 

Connecting  Rod  Bearings 

All  bearings  showed  scratching  which  was 
heaviest  on  the  Nos.  3,  5,  6,  and  8 bearings. 

In  the  case  of  the  No.  6 bearing,  the  scratch- 
ing was  into  copper  underlay  which  showed 
heavy  pitting.  Pitting  of  the  overlay  was 
observed  on  all  bearings. 

Main  Bearings 

All  bearings  showed  heavy  scratching  and 
wiping.  The  copper  underlay  was  showing  in 
varying  degrees  on  all  bearings,  and  the  No.  4 
(rear)  bearing  showed  a large  quantity  of  the 
copper  removed.  Also  pitting  of  the  copper 
underlay  was  observed  on  the  No.  3 bearing. 

Cam  Shaft  and  Valve  Train 

Appeared  normal  with  the  exception  that  the 
inner  bearing  journals  showed  a significant 
amount  of  scratching.  The  drive  gear 
appeared  normal  as  did  other  valve-train 
components. 

Crankshaft 

All  main  and  connecting-rod  journals  showed 
scratching. 
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SUBJI  C'T:  Inspection  of  Bngine  and  Transmission  from  FAMKCh/UHT  Unit  No.  3 
(NSPl-C TION  (Fngine)  (Cont’d)  and  INSPFCTION  (Transmission) 


Component  Dcscri,nion 

Showed  severe  scoring  witli  large  quantities 
of  copper  from  main  bearings  embedded  in 
surface. 

Showed  very  low  deposits  (note  valves  were 
not  removed ). 

Oil  pan,  valve  covers,  valve  deck,  etc.  were 
free  of  sludge  and  lacquer  deposits. 

The  transmission  appeared  to  be  in  satisfactory  condition.  Gears  and  bearings  showed 
normal  wear  patterns.  Although  clutch  packs  showed  some  transfer  of  material 
between  plates,  their  condition  was  considered  acceptable. 


1 hriist  Washer 


Combustion  C hamber 


T.  BOWHN 


P.  KENNEDY 
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FUEL  PROBLEMS  ASSOCIATED 
WITH  FAMECE  DTII 
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DHPARTMLNT  OF  THI£  ARMY 

US  ARMY  MOBILITY  LQUIPMFNT  RFSFARCH  & DEVFLOPMFNT  COMMAND 
FORT  BFLVOIR,  VIRGINIA  22060 


DRDMF-GL 


3 February  1978 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Fuel  Problems  Associated  with  FAMFX'E  Units 


1 . This  office  was  requested  on  numerous  occasions  to  evaluate  reported  fuel-related 
problems  that  surfaced  during  DT-ll  testing  of  FAMECE  equipment  at  Ft.  Belvoir. 
North  area.  In  view  of  the  involvement  of  these  on-site  investigations,  a chronological 
account  of  the  problems,  causative  factors,  and  corrective  actions/potential  solutions 
is  presented. 

2.  In  late  August  1977,  fuel-filter  plugging  of  one  FAMECE  power  unit  was  noted. 
Subsequent  analysis  of  the  filter  unit  revealed  the  contaminant  to  be  primarily  iron 
oxide  with  trace  amounts  of  silica  and  diesel  fuel  degradation  products.  This  problem 
was  subsequently  traced  to  rusting  of  the  interior  bare-metal  surface  of  the  fuel-storage 
tank.  These  findings  and  recommendations  were  provided  in  a DF  dated  28  September 
1977  to  DRCP.M-FM-TM  (Incl  1).  The  corrective  action  involved  a change  in  the 
fuel-storage  location. 

3.  In  early  December  1 977.  difficulties  were  reported  in  the  starting  of  the  FAMECE 
power  modules.  From  tlie  initial  reports  forwarded  to  this  office,  it  was  inferred  that 
fuel  “waxing”  or  "free/.ing"  was  considered  to  be  suspect.  On  14  December  1977, 
diesel  fuel  was  sampled  from  the  fuel  tank  and  filter  units  of  one  of  the  affected 
FAMECE  units  (S(  RAPE. R).  Since  “waxing”  had  been  mentioned,  our  initial  concern 
was  to  determine  whether  the  proper  diesel  fuel  was  being  used.  To  ascertain  this, 
the  tuel’s  Cloud  Poin'  was  suspect.  More  specifically,  the  critical  fuel  factor  affecting 
low-temperature  operability  is  the  ( loud  Point,  fhis  is  that  temperature  point  wherein 
the  first  appearance  of  “wax”  occurs  as  a precipitate.  Phis  separated  wax  can  create 
a variety  of  problems  sucli  as  fuel-filter  plugging,  fuel-line  stoppage, /restrictions,  etc. 
file  presence  of  trace  water  can  also  contribute  to  this  problem  when  operating  below 
the  free/.ing  point  of  water.  Federal  Specification  VV-F'-800b  Fuel  Oil  Diesel,  provides 
a temperature  percentile  guide  for  specifying  the  Cloud  Point  of  diesel  fuel  to  he  pro- 
cureil  For  December,  the  diesel  fuel  to  he  used/procured  in  Virginia  should  have  a 
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l)Rl)Mi;-GL 

SUBJIXT.  I'licl  Prohlcins  Associated  with  FAMHC'h  Units 


3 I'ebruary  1^78 


Cloud  Point  not  to  exceed  26°P'.  The  sample  obtained  t'rom  tlie  fuel  tank  of  the  mul- 
tunctioning  FAMHCF  had  a Cloud  Point  of  46°l'  which  is  in  excess  of  tlie  specified 
limit  indicating  possible  fuel  waxing  problems.  This  suspect  fuel  was  traced  to  the 
fuel  stored  in  No.  I Storage  Tank  as  this  fuel  had  a Cloud  Point  of  48‘T'.  It  can  be 
concluded  that  the  relatively  high  Cloud  Point  of  the  diesel  fuel  being  used  was  con- 
tributing to  engine  start-up  failures  as  a result  of  the  unusually  cold  temperatures 
being  experienced  in  early  December. 

4.  The  No.  1 Storage  Tank  has  a fill  capacity  of  10,000  gallons,  and  its  construction 
is  such  that  the  fill-pipe  end  is  fixed  at  3 inches  above  the  tank  bottom.  At  the  time 
of  sampling  mentioned  above,  2000  gallons  of  diesel  fuel  remained  in  this  tank.  On 
14  December,  however,  a delivery  of  8000  gallons  of  diesel  fiiel  was  received  and 
introduced  into  No.  1 Storage  Tank.  Subseciuent  analysis  of  the  co-mingled  fuel 
in  No.  1 Storage  Tank  revealed  the  diesel  fuel  to  have  a C loud  Point  of  b4°T.  fhis 
relatively  high  Cloud  Point  obviously  was  suspect  relative  to  the  limitation  imposed 
under  VV-F-800b  for  December  (Cloud  Point  should  not  exceed  26'’F).  To  ascertain 
whether  fuel  contamination,  co-mingled  product,  etc.  had  occurred,  the  Ft.  Belvoir 
Quality  Assurance  ITogram  which  provides  for  procurement  product  monitoring 
became  involved.  This  program  involves  sampling  of  diesel  fuel  from  delivery  trucks 
prior  to  or  during  dispensing  into  holding  tanks.  The  samples  are  subsequently  for- 
warded to  New  Cumberland  Army  Depot,  Petroleum  Field  Office  (Fast),  for  analysis 
in  conformance  to  specification  requirements.  Fuel  samples  (Nos.  3d58-78  and  3^)5^)- 
78)  obtained  from  the  14  November  1977  and  14  December  1977  deliveries  to  No.  I 
Storage  Tank  which  had  been  torwarded  to  New  Cumberland  Army  Depot  were 
reported  to  be  in  accordance  with  the  limits  required  under  VV-F-800b  duel  2). 
Since  their  tindings  indicated  that  specification  luel  was  delivered  in  NoveNiiber  and 
December,  a possible  explanation  as  to  the  wide  discrepancies  in  Cloud  Point  may  be 
related  to  water  absorption  or  other  heavier  product  contamination  remaining  in 
the  luel  system.  The  water  contamination  could  have  been  attributed  to  the  'a  to  I 
inch  ot  water  bottoms  in  No.  I Storage  Tank.  In  order  to  minimi/.e  and, ^or  eliminate 
this  problem,  removal  of  water  bottoms  and  adequate  quality  surveillance  as  specified 
in  MlL-S'fD-llDBK-200  F were  and  are  recommended. 

5.  In  late  December  and  early  January  1978,  field  personnel  attempted  to  remove 
water  in  the  fuel  system  by  the  non-authorized  procedure  of  adding  alcohol  to  sca- 
venge (eliminate)  separated  water  in  fuel  tanks.  Samples  of  suspect  diesel  fuel  for- 
warded to  this  office  were  characterized  as  having  two  discrete  phases;  namely,  alcohol 
and  diesel  fuel,  which  is  typical  of  alcohol-petroleum  fuel  mixtures  where  moisture 
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SUBJECT:  Fuel  Problems  Associated  with  FAMECE  Units 


3 February  1978 


is  present.  Upon  receipt  of  these  samples,  FAMECE/UET  personnel  were  subsequently 
advised  as  to  the  proper  “diesel  fuel  anti-icer”  specified  in  TM  9-207/TO  36-1-40 
“OPERATION  AND  MAINTENANCE  OF  ORDNANCE  MATERIEL  IN  COLD 
WEATHER”  which  states  under  paragraph  l-31d(2)a  the  following; 


“Add  Inhibitor,  Icing,  Fuel  System  (MlL-1-27686)  to  diesel  fuel  at  the  ratio 
of  one  pint  of  additive  to  40  gallons  of  fuel  at  the  time  of  refueling.  Fuel  fil- 
ters must  be  drained  immediately  after  operation  to  remove  additive-water 
mixtures  from  the  bottom  of  the  filters.” 


This  inhibitor,  referred  to  as  FSll  which  is  essentially  ehtylene  glycol  monomethyl 
ether,  is  presently  under  requisition  for  use  in  the  remainder  of  the  FAMECE  DT-II 
testing  program. 

6.  On  13  January  1978,  the  DUMPER  Power  Section  experienced  a noticeable 
power  loss  which  was  traced  to  the  main  (primary)  fuel  filter  plugging.  Subsequent 
analysis  of  the  contaminant  indicated  it  to  be  principally  iron  oxide.  The  most  proba- 
ble cause  of  this  contamination  would  be  a result  of  rust  formation  occurring  in  the 
vehicular  fuel  tank  or  the  fuel  trucker  assigned  to  the  North  Area. 

7.  A sample  of  diesel  fuel  was  obtained  from  the  truck  delivery  to  No.  1 Storage 
Tank  on  23  January  1978.  Subsequent  analysis  revealed  this  delivery  lot  of  product 
has  a Cloud  Point  of  24°F  which  met  the  specification  requirement  of  VV-F-800b 
(a  24°F  maximum  Cloud  Point  limit  is  required  for  the  month  of  January.  This 
inferred  the  previous  problems  to  have  been  caused  by  contamination  existing  in 
No.  1 Storage  Tank.  In  view  of  our  RDTE  responsibility  in  fuel  decontamination, 
this  office  suggested  a fuel  separator  be  used  and  subsequently  offered  an  available 
unit  for  property  transfer  to  the  North  Area. 

8.  A series  of  diesel  fuel  samples  were  delivered  to  this  office  on  27  January  1978. 
These  represented  the  first  vehicular  fuel  samples  after  the  January  delivery.  Subse- 
quent analysis  of  these  samples  revealed  a gradual  improvement  in  fuel  quality;  how- 
ever. it  was  noted  that  fuel-alcohol  contamination,  water  contamination,  and  rust 
continue  to  remain  as  an  impairment  to  satisfactory  fuel  system  performance.  A 
summary  listing  of  all  fuel  sample  analysis,  sampling  dates,  observations,  etc.  com- 
pleted thus  far  is  provided  for  your  review  on  Table  (ClI  (IncI  3).  If  further  oper- 
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Sl'BJJ  C r.  I'lii-'l  I’rohk-ins  Associaloii  with  I'AMIX  I Units 


3 l ebriiary  1978 


ational  tlifficulties  with  l AMhC'i;  I'ucl  system  occur  or  if  these  units  are  to  undergo 
future  testing  at  otlier  locations,  draining  and  flushing  of  luel  tanks  are  strongly 
recommended. 


't/s/  I'AUL  J.  KhNNKDY 
Chemist 

F'uels  & Lubricants  Division 
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I IH.-I  l illcr  Slikltio  in  I AMI  C I Power  Unit 


I AM1(  1-  Ul  I (',  l iielscA  L.iibricnnts  2H  Sep  77 

l)R(  PM-1  M-IM  (Mr.  II.  .Mayol  Kenne(Jy/ce/44594 

1.  Kelerenee  is  nuRle  to  the  luel  tiller  sliklLie  sample  eolleeteil  rin  22  Auii  77  as 
part  of  the  oil  analysis  program. 

2.  I his  sludge  eonsiste^l  ol  S'P/r  Iron  Oxide.  1.57?  Siiiea  and  eontained  only  minimal 
amounts  ol  luel  deterioration  products,  l-'urther  inrormation  on  the  chemical  comiio- 
sition  ol  this  material  ean  be  found  in  the  attached  report  of  chemical  analysis  ( IncI  1 1. 

3.  Discussion  witli  field  personnel  indicated  that  this  problem  surfaced  after  addition 
of  new  fuel  to  an  underground  storage  tank.  The  chemical  analysis  indicates  that  the 
source  ol  the  shkige  was  the  result  ol  the  mixing  of  tank  corrosion  products  with  the 
fuel  oil. 

4.  Remedial  action  at  the  north  area  in  response  to  this  problem  involved  use  of  a 
fuel  vehicle  for  distribution  of  fuel  and  conversion  of  the  underground  storage  tank 
to  ga.solinc.  This  corrective  action  has  eliminated  the  fuel  sludge  problem. 

5.  If  reuse  of  the  original  underground  storage  tank  is  planned,  then  installation  of 
a fuel  filter  on  the  pump  should  be  considered.  Alternately,  a significant  reduction 
ot  .sludge  levels  could  be  achieved  by  allowing  approximately  two  days  for  particulate 
matter  to  settle  out  of  the  fuel  after  agitation. 


/t/s/  MAURICU  H.  LhPtRA 

Chief,  Fuels  and  Lubricants  Division 


IncI  I 
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U.S.  ARMY  I'LII  LS  AND  LUBRIC  AN  IS  Rl  Sl  ARC  II  I ABORA  IORV 
85()0C'ULI;BRA  road  I’.O.  DRAW!  R 2X510 
SAN  ANTONIO,  TRXAS  7X2X4 


1 ilo:  B-3 

USAI  LRL  M Scpli-'mlx-r  1^7  / 

('oninKmi.lcr 

U.S.  Army  Mobility  luiuipincnt 
Research  & Development  Command 

Attn:  DRDMI:-(;L,  Messrs.  M.U.  LePera 
and  Paul  Kennedy 

Ft.  Belvoir,  VA  22060 

Re:  Laboratory  Report  of  Analyses  for  Sludge  From  FAMIX'F  Vehicle  Fuel  Filter 

Dear  Sir: 

1 . rite  fnel  filter  sludge  sample,  coded  AL-7075-X  (received  6 September  1477  from 
your  facility),  was  pentane  washed,  air,  and  210°F  oven  dryed.  Only  OA'/r  of 
the  dry  sample  was  soluble  in  BA.M.  IR  #1286  for  the  dry  sample  and  IR  #1  2X4 
for  the  BA.M  soluble  portion  of  the  sample  are  attached.  Very  little  organic 
fuel  deterioration  products  were  present  in  the  dry  sample.  No  evidence  of 
microbiological  debris  was  apparent.  The  XRF  data  for  the  dry  AL-7075-X 
sample  gave  0.4'7  Si,  0.2C  S,  and  41'/  Fe. 

2.  The  data  in  item  (I)  suggest  that  the  filter  sludge  (a  representative  sample  of 
dry  AL-7075-X  is  enclosed)  is  primarily  rust  due  to  fuel-tank  corrosion. 

3.  It  is  suggested  that  additional  filters  be  obtained  and  placed  in  individual  one- 
gallon  cans  for  shipment  to  .AFLRL.  Inspection  of  the  fuel  tank(s)  for  evidence 
ot  corrosion  is  also  reciucsted  (to  include  photographic  documentation). 

4.  Further  details  or  assistance  will  be  provided  as  reciuested. 

Very  truly  yours. 

R.D.  Quillian,  Jr. 

Director 


Incl  1 to  Incl  1 


Zt/s/  Leo  L.  Stavinoha 

Sr.  Research  Chemist 
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DhPARTMhNT  OF  I MF:  ARMY 

US  ARMY  ('.FNFRAL  MATFRIFL  AND  FFTROLFUM  ACTIVITY 
FI  TROLFUM  FTFLD  OFF'K'F  ( FAST) 

NFW  C'UMRFRLAND  ARMY  DFPO  l . NFW  C'UMBFRLANl),  FA  17070 

S I SOF-Fl  10  January  1978 


SUBJl'C  1;  (Quality  Surveillance  Fcsl  Results 


ft.  Bel  voir 

USA  Mobility  liquip  Research 
aiul  Devel  C enter 
VVhse  335 

Alexandria,  V A 22314 


MF:  Meradeom  Testing  Area 
Ft.  Belvoir 


1 .  Laboratory  analysis  of  petroleum  sample  forwarded  by  your  installation  indicates: 

a.  2s.  Product  meets  specification  reciuirements  for  tests  performed. 

b.  Product  deviates  slightly  from  specification  requirements  but  is  consid- 
ered suitable  for  use. 


e.  Product  does  not  meet  specification  requirements.  See  remarks. 

2.  Sample  information: 

a.  Product:  F.C).  Diesel.  DF2 

b.  Item  Number:  1035-34 

c.  Lab  Number:  19b9  1970 

d.  Sample  Number:  3958-78  3959-78 

e.  Lead  C ontent  tgrams  per  gallon): 

f.  '/!  Sulfur: 

g.  ''r  Sulfur  permitted  by  contract  specification: 

3.  Remarks: 

*3958-78  Diesel  Fuel  Satiipled:  14  Nov  1977 
*3959-78  Diesel  Fuel  Sampled:  14  Dec  1977 

(1  IIQDA  (DAI  N-1  FU)  /t/s/  (iFORC'.F  R.  MARTFLLO 

Post  1 ngineer  Chief.  Petroleum  Field  Office  (F'ast) 

Incl  2 
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Sample  Oneiii 
I uel  Delivery  I ruek 


f 


! 


^ ' 


No.  I Storage  I ank 
SCR  API.  R I iiel  Tank 


SCRAPI;R  I iiel  I ilter  Unit 
I uel  Delivery  Pruek 
No.  1 Storage  Tank 
No.  I Storage  Tank 
I uel  Truck 
Loader  I uel  Tank 
Loader  l uel  T ilter  Unit 
Dumper  I uel  I ilter  Unit 
I uel  Delivery  1 ruck 
No.  I Storage  Tank 
No.  I Storage  Tank 
Do/.er  1 uel  Tank  (Bottoms) 

Loader  I uel  Tank 
Dumper  I uel  Tank 
Dumper  I uel  I ilter  Unit 


lablclOI.  I uel  equality  Monitt>ring 


Date  Sampled  C loud  Point, '^1  Specilication  RQM  1 Remarks 


14  Nov  77 

24 

36  Max 

NCAD  Sample  3958-78' 

14  Dev  77 

48 

26  Max 

14  Dec  77 

46 

26  Max 

Unit  experiencing  starling 
problems 

14  Dec  77 

46 

26  Max 

- 

14  Dec  77 

16 

26  Max 

NC'AD  Sample  3959-78' 

14  Dec  77 

64 

26  Max 

- 

1 1 Jan  78 

46 

24  Max 

- 

14  Jan  78 

46 

24  Max 

- 

12  Jan  78 

40 

24  Max 

Alcohol  phase  noted 

12  Jan  78 

42 

24  Max 

Alcohol  phase  noted 

13  Jan  78 

48 

24  Max 

Alcohol  phase  noted 

23  Jan  78 

24 

24  Max 

- 

25  Jan  78 

38 

24  Max 

- 

26  Jan  78 

36 

24  Max 

- 

25  Jan  78 

34 

24  Max 

Separated  water  layer 
noted 

25  Jan  78 

28 

24  Max 

Alcohol  phase  noted 

27  Jan  78 

24 

24  Max 

- 

27  Jan  78 

24 

24  Max 

Dirt  contamination 

evidenced 

1 


Samples  analyzed  by  Ne\s  C umberland  Army  Depot  (NC'AD) 
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